At present, the renewable energy resources have been increasingly brought into the generation of the electrical power system. Generally, the power generated from these resources mostly changes rapidly. The fluctuation of the electrical power from them may affect the quality and reliability of the electrical power system. In order to guarantee the quality and reliability of the power system, the proportion of electrical power generated by renewable energy resources into the power grid must be controlled appropriately. The suitable ratio of the renewable power generation can be evaluated from the Power Ramp Rate (PRR). The value of PRR that initiates the power system to become unstable is called the critical PRR. In this paper, PRR is brought into consideration to design the minimal required energy for the battery system to stabilize the frequency deviation in microgrid system. The simulation results demonstrate that PPR is very useful index in determining the suitable size of power and energy of batter system so as to control the frequency of the system within the standard limit.
Introduction
When the generation of the electrical power system includes the renewable power sources, controlling the fluctuation of power in the power system must be taken into consideration carefully due to their power generation characteristics of renewable power sources. Typically, the change of electrical power from these renewable power sources can be evaluated from Power Ramp Rate (PRR). Moreover, PRR can be used to control the fluctuation of electrical power in the power grid. When there is the fluctuation of the power, the system control center must be able to cope with the situation. For example, when the PRR is increased due to the addition of electrical power from the wind turbine, the control center must cut the excessive power off the system. If there is a decreasing of PRR, the control center needs to switch to use the hydropower plant that is faster in response to the generation of the electrical power. However, if the generated power in the system is still deficient, the control center must also use the steam turbine power plant fuelled by the fossil fuel to generate additional power and feed into the system. Eventually, if the demanded power is still not enough, load shedding will be adopted as the last procedure for handling the situation, which ordinarily will be avoid.
There are two types of PRR: upward (or rampups) and downward (or ramp-downs). If the system possesses the ramp-ups, it means there is additional power fed into the power system from the renewable power sources that might be due to the drastic change of climate such as the storm. On the other hand, if the system behaves in such a way of the ramp-downs, its means there is the lack of the generated power from the renewable power sources such as in the day full of cloud, the generated power from the solar system is reduced substantially [1] . This paper can be divided into 6 parts. First, it begins with the introduction. Secondly, it describes the configuration of the study microgrid system. Thirdly, the PPR used in this study is defined. The method for calculating the PPR is provided in this section. Section 4 provides modeling of the study battery storage system. Section 5 reveals the simulation results under different conditions. Comprehensive studies are made by comparing simulations results to reveal the potential change in performance due to the adoption of PPR for designing the battery storage system. Finally, conclusions are drawn in section 6. Figure 1 illustrates the microgrid system used in this study. The microgrid system consists of the frequency-controllable generator, the energy storage battery, the wind farms, the solar farms and the cluster of small business loads. The power demand of the load in the simulated microgrid system uses is the data obtained from 
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the Provincial Electricity Authority's load profile. The peak power demand is assumed to be 130 MW. There is also the assumption that the renewable power injected into the microgrid system is up to 25% of the total power demand. Figure 2 illustrates the simulated microgrid system used in this study. The power demand of the cluster of small business loads is formulated of which the data from Provincial Electricity Authority (PEA). In this study, the existence of the renewable power sources in the system is set as 25% of the total power demand. The proportions between the solar power sources and the wind power sources are varied to find the appropriate ratio to the system [2] .
Definitions of Event Types of PRR
The study of PRR calculation is quite new at present. PRR is arise when there is the rapid change of power amplitude in the system. It is the similar concept appeared in [3] [4] as "swing", "extreme events" and "rapid changes" as the PRR [5] .These phenomenon can only be found in the wind farms, solar farms or in areas full of the renewable power sources. These situations might bring difficulty in term of frequency management into the power system [6] .
From Figure 3 , the power from the frequencycontrollable generator ( D P ) comes from the difference between the load power ( L P ) and the power generated from the wind ( W P ) and from solar ( V P ) in different proportion at the specified duration. Equation (1) is used for calculating the PRR [7] .
Where PRR is the power ramp rate. ) (
is the required power at time 
Battery Energy Storage System Model
Battery energy storage system model in Figure 4 . The overall efficiency of battery energy storage system is then performed in terms of both the charging and discharging efficiencies that are equally specified for 80%. The state of charge (SOC) of battery is reduced proportionally with the distributed power duration. When the load frequency control (LFC) signal received as charging signal, the electrical power of battery is discharged into the microgrid system at the same frequency and magnitude [8] [9] . 
The Simulation Results
Electrical power generated by renewable power sources is injected into the microgrid system with different proportions. Table 1 displays the ratio of the renewable power sources installed in the microgrid system. The renewable power sources are arranged into two systems; the solar power source, and the wind power source so as to determine the appropriate ratio for the whole system. Then, the PRR is calculated according to (1) as in section 3. The calculated result of PRR of the generator used to control frequency during a day is shown in Figure  5 . From Figure 5 , it can be concluded that with appropriate PRR, the renewable power sources can be utilized up to 25% of which come from the wind power source as 12.5% of the total power demand (50% of the renewable energy usage target) and from the solar power source as 12.5% (50% of the renewable energy usage target) which is according to the development plan of using the renewable energy within the next ten years or AEDP 2012-2021 of the ministry of energy affair. Moreover, the maximum PRR is 17MW/s which is the critical PRR that still preserves the standard frequency (50Hz±1%) [2] .
If there is the addition of electrical from the wind power source up to 22.5% (90% of the renewable energy usage target), PRR will be 22 MW/s, resulting in the decreased deviation of frequency out of the standard range and without PRR consideration, the renewable power sources can be installed up to only 15% of the total power demand. This makes the utilization of the renewable power sources unable to satisfy the target. Figure 5 . PRR of the generator used to control frequency during a day.
From the study of the impact of PRR, it turns out that without the battery storage system and PRR consideration, the frequency of the system is not complied with the system standard. In order to satisfy the target, the energy storage equipment may need to be installed. This study chooses batteries as the energy storage equipment. To evaluate appropriate size of power of inverter (MW) and the size of energy of battery (MJ) that recover the frequency back into the standard range. The study can be classified into two categories as will be explained in the next sub-sections. Figure 6 shows the simulation result of the frequency deviation in the microgrid system when there is no installation of battery and with the installation of battery of which the size is 242.32MJ, 13 MW. The first peak of the frequency is fallen into the standard range of the power system. Figure 7-8 demonstrate the simulation results of the power and energy stored in the battery without PRR consideration. The power from battery is distributed into the power system as 13 MW and the energy distributed into the power system as 242.32 MJ in order to stabilize the system; however, during the 3-4 second, the electrical power in the power system is stored back to battery due to the excessive generated power over the power demand.
Without Considering PRR Case
With PRR Consideration Case
The simulation in Figure 9 shows the frequency deviation in the system with and without battery installation of which the size is 113.75 MJ, 6 MW, yielding to the first peak of frequency fell into the standard of the system.
The simulation results in Figure 10 -11 depict the power and energy stored in battery with PRR consideration. The power from battery is distributed to the system as 6 MW and equal to 113.75 MJ in order to stabilize the system. Figure 12-13 demonstrate the comparison of the stored power and energy in battery with and without PRR consideration reveals that if there is also PRR consideration, the size of power of inverter can be reduced down to 43% less than the one without PRR consideration. In addition, the size of energy of battery can be reduced down to 47% less than the one without PRR consideration.
Conclusion
This article does the analysis of the frequency in the microgrid system under the consideration of the critical PRR that still preserve the frequency stayed within the standard range and makes the comparison with the case of without PRR consideration. From the simulation results, it appears that the size of power of inverter is reduced down to less 43% than the one without PRR consideration and the size of energy of battery reduced down to less 47% than the one without PRR consideration. Finally, with the consideration of PRR, it is very useful in managing the proportion of the renewable power sources in the microgrid system and determining the size of power and energy of battery so as to control the frequency of the system within the specified standard range.
